Many social animals use long-distance signals to attract mates and defend territories. They face the twin challenges of discriminating between species to identify conspecific mates, and between individuals to recognize collaborators and competitors. It is therefore often assumed that long-distance signals are under strong selection for species-specificity and individual distinctiveness, and that this will drive character displacement when closely related species meet, particularly in noisy environments. However, the occurrence of signal stereotypy and convergence in rainforest species seems to contradict these ideas, and raises the question of whether receivers in these systems can recognize species or individuals by long-distance signals alone. Here, we test for acoustically mediated recognition in two sympatric antbird species that are known to have convergent songs. We show that male songs are stereotyped yet individually distinctive, and we use playback experiments to demonstrate that females can discriminate not only between conspecific and heterospecific males, but between mates and strangers. These findings provide clear evidence that stereotypy and convergence in male signals can be accommodated by fine tuning of perceptual abilities in female receivers, suggesting that the evolutionary forces driving divergent character displacement in animal signals are weaker than is typically assumed.
INTRODUCTION
Long-distance signals mediate competition for mates and territories in a wide range of animals. Failure to discriminate between conspecifics and heterospecifics on the basis of these signals leads to a range of fitness costs, including wasted time, misdirected aggression and the production of unfit hybrids (Fisher 1930; West-Eberhard 1983) . These costs are expected to exert strong selection on signallers and receivers for accurate transmission and perception of species-specific signals. However, while there is little doubt that 'conspecific mate recognition' (CMR) is an important attribute minimizing interaction and maintaining reproductive isolation between lineages (Mayr 1963; Irwin & Price 1999; Magurran & Ramnarine 2005) , the implications for signal evolution remain unclear.
CMR provides a theoretical framework for two opposing hypotheses. On the one hand, it is widely assumed that selection will favour species-specificity in signal design, thereby leading to signal divergence when closely related species meet (Dobzhansky 1940; Marler 1957; West-Eberhard 1983; Nelson & Marler 1990 ). In support of this idea, some empirical studies find evidence of divergent character displacement in sympatry (Seddon 2005; Kirschel et al. 2009b) . On the other hand, unambiguous demonstrations of signal displacement or partitioning are rare (Miller 1982; Kirschel et al. 2009b) , suggesting that other more subtle routes to CMR may be widespread. One potential explanation is that selection mainly targets receiver preferences, and that divergent character displacement and community-wide partitioning are therefore more apparent in female preferences than in the design of male signals (Gerhardt & Huber 2002; Chek et al. 2003) . Empirical evidence for this mechanism has been found in frogs (Gerhardt 1994) and insects (Nosil et al. 2003; Jang & Gerhardt 2006 ), but the extent to which CMR is mediated by signal perception rather than design remains poorly understood.
It seems plausible that the perceptual ability of receivers also influences the outcome of selection for individual recognition within species. Intraspecific recognition systems appear to be adaptive in many animals, as demonstrated by widespread feats of long-term individual recognition (Falls 1982; Godard 1991; Insley 2000; Clark et al. 2006) . Indeed, reproductive success and resource defence often depend on efficient recognition of mates, group members and competitors. For this reason, 'individual mate recognition' (IMR) is thought to be a key component of social behaviour in long-term collaborations over parental care and resource defence (Tibbetts & Dale 2007) . The prediction that intraspecific signals should therefore be individually distinctive is borne out by studies in a wide range of taxa (Falls 1982; Wanker et al. 1998; Johnston & Bullock 2001; Tibbetts 2002) . However, few studies have considered the role of receiver perception in intraspecific recognition systems, and even fewer have experimentally tested for IMR (Tibbetts & Dale 2007) .
Rainforests are an ideal environment to examine the interplay between signallers and receivers because they pose distinct challenges to long-distance signalling systems. In particular, they are so densely foliated that visual signals are only detectable at close range, whereas acoustic signals travel further but nonetheless degrade rapidly during transmission (Richards & Wiley 1980; Bradbury & Vehrencamp 1998) . Moreover, they are exceptionally rich in co-existing species, such that receivers are forced to detect or discriminate signals against a backdrop of insect noise and multi-species choruses (Slabbekoorn & Smith 2002; Wollerman & Wiley 2002; Kirschel et al. 2009a) . These constraints, coupled with the imperatives of CMR and IMR, suggest that rainforest species (and individuals) should develop acoustic signals, which are particularly distinctive (i.e. disjunct in acoustic space) to increase the reliability of transmission (Luther & Wiley 2009 ).
Some studies support the idea that constraints to perception influence signal design in rainforest birds, in particular by revealing broad rather than precise perception of songs by male receivers (Luther & Wiley 2009 ), greater divergent character displacement in sympatry versus allopatry (Seddon 2005) and community-wide partitioning of male songs in acoustic space (Luther 2009 ). However, the generality of this view is challenged by two observations. First, the songs of rainforest passerines appear to be more stereotyped and less individually variable than most open-country or temperate zone species (Bard et al. 2002; Seddon & Tobias 2007; Kirschel et al. 2009a) . Second, rainforest species can coexist with near-identical songs (Tobias & Seddon 2009a ). These findings suggest that the challenge of signal discrimination in difficult signalling environments may be overcome by an alternative mechanism, perhaps relying on increased sensory acuity of receivers (Jang & Gerhardt 2006; Tibbetts & Dale 2007; Vignal et al. 2008) .
In this study, we tested for acoustically mediated CMR and IMR in two closely related antbirds-Hypocnemis peruviana and H. subflava-which occur sympatrically in the understorey of Amazonian forest (Isler et al. 2007) . The communication systems of these two species are unusual because, rather than being disjunct in acoustic space, their songs broadly overlap in structure to the extent that territorial males do not discriminate between conspecific and heterospecific signals (Tobias & Seddon 2009a) . Moreover, these taxa are not sister species, and therefore the overlap in signal design and perception appears to represent a clear case of convergent character displacement (Tobias & Seddon 2009a ). This pattern of variation is intriguing because male song in most passerine birds, including Hypocnemis antbirds, functions not only in interspecific male-male competition, but in mate attraction (Collins 2004; J. A. Tobias & N. Seddon 2010, unpublished data) . This raises the question of whether female antbirds are able to discriminate between species and between individuals on the basis of such minor signal differentiation, or whether other vocal and visual traits mediate individual recognition and, in particular, reproductive isolation.
To address this question, we used acoustic analyses to assess whether male songs encode individual-specific information, and we used playback experiments to test whether females are able to discriminate between conspecific mates, conspecific strangers and heterospecific strangers on the basis of vocal cues. Female responses to male songs are difficult to assess using field experiments, first because recognition may be based on contextual cues such as location, and second because playback treatments typically elicit aggressive responses from resident males (Grant & Grant 2002; Seddon & Tobias 2007; Uy et al. 2009 ). Therefore, we conducted playbacks on captive females in a natural setting. Again, Hypocnemis antbirds are ideal for this approach because males and females interact with simple male-led duets (Seddon & Tobias 2006; Tobias & Seddon 2009b) , allowing us to assess female perception by quantifying their willingness to duet with male song.
MATERIAL AND METHODS
(a) Study system Hypocnemis antbirds are medium-sized (11-12 cm, 10-14 g), sexually dimorphic, socially monogamous passerines found in Amazonia, the Guianan region and the Andean foothills (Zimmer & Isler 2003; Isler et al. 2007) . Most members of this genus were lumped as a widespread polytypic taxon-H. cantator-which was recently split into six species on the basis of acoustic and genetic data (Isler et al. 2007; Tobias et al. 2008 Seddon 2010, unpublished data) . They produce sex-specific, multipurpose songs that function in territory defence and mate attraction (Seddon & Tobias 2006; Tobias & Seddon 2009b; J. A. Tobias & N. Seddon 2010, unpublished data) . Given that antbirds are tracheophone suboscine passerines, their songs are thought to develop without learning (Kroodsma 1984; Kroodsma & Konishi 1991; Seddon & Tobias 2007) .
(b) Acoustic analyses This study focused on 18 colour-ringed pairs, nine of H. peruviana and nine of H. subflava. Using a Sennheiser ME67-K3U microphone and a Sound Devices 722 portable digital recorder, we recorded male songs from a distance of less than 10 m. We then selected recordings of high quality (low background noise) to produce a library of digital PCM wav files (24-bit, mono, 44.1 kHz) containing 165 songs in total (mean+s.d. ¼ 9.2 + 1.2, range ¼ 6-10 songs per male). These songs were converted into spectrograms using Avisoft SASLABPRO v. 4.15 (R. Specht, Berlin, Germany) and then described quantitatively using 20 standard temporal and spectral parameters (electronic supplementary material, figure S1 ; see Seddon & Tobias (2006) for techniques and settings). Following Vignal et al. (2004) , we analysed the individual distinctiveness of male songs using (i) non-parametric analysis of variance (Kruskal-Wallis ANOVA); and (ii) a discriminant function analysis (DFA). The DFA allowed us to quantify the extent to which songs could be assigned to the correct individual on the basis of acoustic characteristics. Numerous acoustic variables were strongly correlated with one another (Pearson's correlation . 0.8), and multicollinearity violates a key assumption of DFA (Tabachnick & Fidell 2006) .Therefore, following numerous studies (e.g. Vignal et al. 2004; Hollén & Manser 2007) , we first conducted a principal components analysis (PCA) and used PC scores (unrotated) rather than raw variables as predictors in the DFA. In both species, PCA produced five PCs that accounted for 81.6 per cent of the variation in the original acoustic dataset (see electronic supplementary material, table S1 for factor loadings). We used F-tests (Wilks' Lambda) to examine whether the overall discriminant models were significant, and cross-validation to estimate error rates (for details see Tobias & Seddon 2009a) .
To quantify intra-and inter-individual variation of each acoustic parameter in both species, we calculated the coefficient of variation within individuals (CV i ) and between individuals (CV b ) according to the formula: CV ¼ (100(s.d./X ) (1 þ 1/4n)), where s.d. is the standard deviation, X is the mean of the sample and n is the sample size. The potential for individual coding (PIC; Robisson et al. 1993) for each acoustic variable was calculated as the ratio of CV b /CV i-mean . For a given variable, a PIC value .1 suggests that it has greater inter-than intra-individual variability and could therefore be used in individual recognition. Using the same formula, we also quantified the species-specificity of each acoustic variable, where CV i was the coefficient of variation within species, CV b the coefficient of variation between species and PIC . 1 indicated that a variable has greater inter-than intra-specific variability and could therefore be used in species recognition. Following Vignal et al. (2004 Vignal et al. ( , 2008 , we treat any variable with PIC . 2 as highly individualor species-specific, and therefore particularly likely to be used as recognition cues by females.
(c) Playback experiments
We conducted playback experiments on 18 females (the mates of all males included in the above analysis). Each female was lured into a 4 Â 12 m mistnet using playback of female song between 05.00 and 06.00 h. After capture, individuals were placed in an experimental cage (60 Â 40 Â 40 cm) located greater than 500 m from the nearest Hypocnemis territory. Food (mainly hand-caught orthopterans) and water were provided ad libitum. Between 06.00 and 08.00 h on the day after capture, each female received three playback treatments comprising male songs of (i) her mate; (ii) a conspecific stranger; and (iii) a heterospecific stranger (i.e. a male H. peruviana to a female H. subflava; or a male H. subflava to a female H. peruviana). Each treatment consisted of one high-quality song repeated 10 times, with 5 s intervals between songs. All 18 males (nine per species) sampled for the acoustic analysis were used for each treatment. Songs were filtered (bandpass: less than 1 and greater than 7 kHz) prior to playback, and broadcast using a Mineroff SME-AFS-amplified loudspeaker connected to an Archos Gmini MP3 player. The loudspeaker was placed 15 m from the cage, 0.5 m above the ground and hidden from view. The experiments were conducted in natural habitat so that signals were transmitted through dense vegetation and against a backdrop of insect noise and birdsong. Peak sound pressure level was adjusted to approximate that of natural songs, i.e. 65 dB SPL at 10 m. Successive treatments were separated by 300 s and the order of treatments was randomized. Each subject received songs from different strangers to avoid pseudoreplication. We ensured that songs of conspecific and heterospecific strangers came from territories at least 500 m away from the subject's own to eliminate effects of neighbour recognition.
Female behaviour was recorded on a Sony video recorder mounted on a tripod. Using 11 min video files, the number of songs and calls given by the female were counted from 5 min before until 5 min after playback. For definition of songs and calls in this system, see Tobias & Seddon (2009a) . The 5 min periods of data collection before and after playback were included to quantify background rates of vocal behaviour and to ensure that we captured the full response to playback. The effect of playback on female vocal behaviour was compared between treatments using Friedman tests, followed by Wilcoxon-signed rank tests with p-values corrected for multiple comparisons. All female subjects were released back into their territories immediately after experimental treatments were completed (usually by 08.30 h the day after capture). All released individuals duetted with their mate within 30 min, and no adverse effects of temporary capture were detected. Note that reciprocal experiments on males cannot be conducted as solo males do not respond vocally to female song.
All statistical tests were carried out using SPSS v. 16 (SPSS 2007).
RESULTS
Acoustic analyses revealed that songs of both species are stereotyped signals. Plotting descriptive data extracted from songs shows that their acoustic structure is tightly clustered, with little variation either within-species or within-individuals (figure 1). We also found that songs are individually distinct signatures: cross-validated DFA allowed us to discriminate 97.2 per cent of males in H. peruviana (x 2 42 ¼ 513, p , 0.0001) and 86.7 per cent of males in H. subflava (x 2 40 ¼ 528, p , 0.0001; figure 1 ). This indicated that male songs contain potential cues to individual identity and hence recognition by females. CV analysis further revealed that all but two acoustic characters in H. peruviana and all but four in H. subflava had PIC values greater than 1 (table 1) . Of these, the characters most likely to serve as cues to individual identity within species are those with PIC . 2: four in H. peruviana (three temporal and one spectral character) and six in H. subflava (two temporal and four spectral characters). In contrast, only one character (duration of the final note) had PIC . 2, when comparing between species rather than individuals. In other words, we found that songs of male Hypocnemis antbirds are strongly individual-specific but only weakly species-specific.
To investigate the extent to which females use these cues to discriminate between species and individuals, we played the songs of conspecific mates, conspecific strangers and heterospecific strangers to each of 18 females. In both species, no vocalizations were given by any female during the 5 min before or after the playback treatment. However, there was a significant effect of playback treatment on female vocal behaviour (Friedman test; H. peruviana: x 2 2 ¼ 16:18, n ¼ 9, p , 0.0001; H. subflava: x 2 2 ¼ 17:18, n ¼ 9, p , 0.0001; see figure 2 ). Specifically, females of both species gave significantly more vocalizations during playback of their mate's song than during playback of the song of a conspecific stranger (Wilcoxon signed-rank test: figure 2 ). We also found evidence that song mediates species-recognition: females gave more vocalizations in Species and mate recognition in birds N. Seddon & J. A. Tobias 2477 response to conspecific stranger than to heterospecific stranger (H. peruviana-W ¼ 21, n ¼ 9, p ¼ 0.031; H. subflava-W ¼ 28, n ¼ 9, p ¼ 0.016; figure 2). Indeed, no captive female responded to playback of heterospecific song.
DISCUSSION (a) Species recognition
Two of the longest standing paradigms in signal evolution are that species-specific signals are an essential component of reproductive isolation, and that selection for species-specificity is likely to drive signal divergence in closely related sympatric taxa (Marler 1957; Mayr 1963; West-Eberhard 1983; Nelson & Marler 1990; Kirschel et al. 2009b) . Recent work has added a new slant to these ideas by suggesting that perception of signal space is imprecise in noisy environments, placing greater limits on the similarity of acoustic signals in coexisting rainforest species (Luther & Wiley 2009 ). Our results bring the logic of these arguments into question by revealing that females are capable of discriminating between species and individuals on the basis of exceptionally subtle cues, even in dense, diverse and noisy environments. We propose that finely tuned perception by females is an important yet overlooked component of CMR that can allow closely related and acoustically similar species to coexist without experiencing divergent selection.
Our findings demonstrate a clear sexual disparity in response behaviour: females routinely discriminated between conspecific and heterospecific male songs, whereas a previous study showed that males fail to discriminate between conspecific and heterospecific songs during simulated territorial contests (see Tobias & Seddon 2009a ). This mismatch in responses makes sense from an evolutionary perspective because females stand to pay higher costs for hybridization, and are therefore expected to be more choosy than males (Parker & Partridge 1998; Kozak et al. 2008) . It is tempting to conclude that males and females differ in their ability to discriminate subtly different signals. However, an alternative explanation is that responses vary not with ability but with motivation. In other words, males may be relatively indiscriminate, not because of perceptual constraints, but rather because aggressive responses to similar species are adaptive. This seems especially likely in the case of long-distance songs, which are often used by rainforest birds to defend territories against congeners or other ecologically similar species (Robinson & Terborgh 1995; Tobias & Seddon 2009a) .
The idea that interspecific territoriality can drive signal convergence in species that compete over space and resources (Cody 1969) , has received recent support from empirical and theoretical studies (Grether et al. 2009; Tobias & Seddon 2009a) . Nonetheless, the notion of convergent competitors remains contentious, not least because signal similarity is thought to raise the likelihood of costly reproductive interference (Murray 1976; Gerhardt & Huber 2002; Grö ning & Hochkirch 2008) . Our study suggests that these costs can be circumvented by the precision of signal perception in females, at least in birds, thus removing an apparent obstacle to signal convergence. This extends the findings of Gerhardt (1994) and Jang & Gerhardt (2006) who showed that reproductive character displacement can target female perception, rather than male signal design. It remains possible that signal discrimination by females in our system reflects this type of displacement in sympatry, but comparable data of female preferences in allopatry are needed to test this idea. H. subflava (n ¼ 9). Songs are plotted according to three discriminant functions (DF) derived from 20 acoustic parameters (DF3 is not labelled but is represented by depth). Each male is represented by one normal contour ellipsoid (coverage ¼ 80%) and each point corresponds to one analysed song. In (a) DF1 is positively related to PC1 (which largely reflects note number, note duration, maximum frequency, peak frequency and bandwidth); DF2 is positively related to PC1 and negatively related to PC2 (song duration, overall pace and change in pace) and DF3 is negatively related to PC1 and PC4 (minimum frequency). In (b), DF1 is negatively related to PC1; DF2 is positively related to PC1 and PC2; DF3 is negatively related to PC4 (bandwidth, change in frequency) and positively related to PC5 (pace of segment 2). See electronic supplementary material for factor loadings (table S1) and description of acoustic characters (figure S1).
The ability of females to discriminate convergent male signals seems to contradict the message emerging from studies of hybrid zones. For example, work on Ficedula flycatchers shows that signal similarity predicts hybridization (Qvarnström et al. 2006 ), which in turn may drive reproductive character displacement via reinforcement (Saetre et al. 1997) . Why does female perception accommodate convergence in some instances but not others? We believe the answer to this question lies in the fact that mitochondrial DNA sequence divergence between Ficedula hypoleuca and F. albicollis is 3.2 per cent (Saetre et al. 2001) , whereas the equivalent divergence in H. peruviana and H. subflava is 6.8 per cent (Tobias et al. 2008) . This means that the Hypocnemis lineages are much older (i.e. they split 3.4 Ma rather than 1.6 Ma assuming a 2% molecular clock; Weir & Schluter 2008) . Thus, they have had more time to develop signalling incompatibilities, including different contact calls and plumage (Tobias & Seddon 2009a ). Such differences may act as a 'safety net' against hybridization in older lineages, limiting the scope for divergent character displacement by reinforcement, or any other process. Moreover, prolonged reinforcement may lead to highly resolved signal perception (Gerhardt 1994; Jang & Gerhardt 2006) , in which case Ficedula and Hypocnemis may occupy different points along a continuum from early reinforcement to post-reinforcement.
Our demonstration of the precision of female acoustic perception has further implications on studies of species limits and female preferences. First, our results indicate that the similarity of mating signal phenotypes in two populations is not always a reliable predictor of reproductive compatibility, contrary to the prevailing view (Dobzhansky 1940; Mayr 1963; Becker 1982; Baptista & Kroodsma 2001) . This raises the possibility that many narrowly divergent cryptic species are erroneously lumped, as was the case with H. peruviana and H. subflava for over a century (Isler et al. 2007 ). Second, it calls into question the widespread practice of quantifying male responses to playback to make inferences about female choice (e.g. Irwin et al. 2001; Grant & Grant 2002; Seddon & Tobias 2007; Uy et al. 2009 ). This method assumes that the strength of responses by males is positively correlated with the likelihood of hybridization. However, we have shown that males and females may differ in the extent to which they discriminate between conspecific and heterospecific signals, and that male responses are therefore likely to be an imperfect indicator of female preferences and perceptual ability.
(b) Individual recognition In oscine songbirds, learning and auditory feedback play a major role in vocal development (reviewed in Beecher & Brenowitz 2005) , and the stochasticity inherent in this process promotes individual distinctiveness (Falls 1982; Gil & Gahr 2002) . Conversely, the songs of suboscines tend to be much more stereotyped in structure, presumably because they are shaped mainly, if not exclusively, by underlying genetic differences and developmental constraints rather than learning (Gil & Gahr 2002; Seddon & Tobias 2007 ). However, it also seems plausible that stereotypy, like all ritualization, improves the detection and interpretation of signals against background noise Species and mate recognition in birds N. Seddon & J. A. Tobias 2479 (Cullen 1966 Nelson 1989) . From this perspective, reduced differences between individuals in suboscines may promote CMR on the one hand, but inhibit IMR on the other, as proposed by Wiley (2005) . Our results confirm that male songs in Hypocnemis antbirds are highly stereotyped, yet nonetheless individually distinctive. This finding is not unexpected, as some degree of individual distinctiveness has been reported in the songs of three other tropical forest suboscines: screaming piha Lipaugus vociferans (Fitzsimmons et al. 2008) , long-tailed manakin Chiroxiphia linearis (Trainer & McDonald 1995) Vignal et al. 2008) . The key finding is that, despite relatively low levels of individuality in the songs of males, female suboscines are able to use these vocal signatures to discriminate between conspecific mates and conspecific strangers, providing one of the few examples of learned IMR in animals (Tibbetts & Dale 2007) .
Previous tests of recognition in suboscines were conducted on territorial males. These provided some evidence of neighbour recognition in alder flycatchers (Lovell & Lein 2004) and acadian flycatchers Empidonax virescens (Wiley 2005) , but not in spotted antbirds Hylophylax naeivioides (Bard et al. 2002) . In all cases, however, tests were carried out using field experiments, which suffer the drawback that responses may depend on contextual cues rather than the properties of signals (see Bee & Gerhardt 2002) . By applying a standardized technique, our study provides the first robust evidence of individual recognition based on acoustic cues in suboscine birds. Moreover, we have shown that this level of recognition is feasible even in Amazonian rainforest, where signal stereotypy and dense habitat are generally thought to make individual recognition more challenging (Wiley 2005) . Our experiments were conducted at a typical distance for intrapair communication, and we have on several occasions observed females responding to playback of their mate's song from much greater distances (greater than 100 m) during male removals ( N. Seddon & J. A. Tobias 2010, unpublished data) . This suggests that learned IMR is highly developed in suboscines despite their unlearned songs.
Why is accurate individual recognition important in rainforest passerines? Previous demonstrations of IMR in birds involve colonial or flocking species in which mates are expected to be under strong selection to distinguish each other in a crowd (see Beer 1970) . This explains the prevalence of IMR in Magellanic penguins Sphenurus magellanicus (Clark et al. 2006) , spectacled parrotlets Forpus conspicillatus (Wanker et al. 1998) , silvereyes Zosterops lateralis (Robertson 1996) , zebra finches (Vignal et al. 2008 ) and pinyon jays Gymnorhinus cyanocephalus (Marzluff 1996) . To the best of our knowledge, this study is the first to demonstrate acoustically mediated IMR in a pair-living species. We suggest that this form of IMR will be found to apply more generally, first because stable partnerships are common in the tropics, typically involving long-term collaborations over territory defence and offspring care (Greenberg & Gradwohl 1986; Morton 1996) , and second because many such species live in dense habitats, where selection should favour acoustic recognition systems.
Our results highlight the importance of considering the receiver's perspective when making inferences about reproductive isolation, signal evolution and signaller-receiver interactions. They show that, even though female antbirds Number of songs and calls given by captive female antbirds to playback of songs of their mate, a conspecific stranger and a heterospecific stranger. Data reveal a strong significant effect of playback treatment on female response in both (a) H. peruviana and (b) H. subflava. Females responded most strongly to playback of their mate's song than to playback of conspecific stranger song, and more strongly in response to conspecific stranger song than to heterospecific stranger song. Asterisks denote p-values from Wilcoxon-signed rank tests comparing female response to conspecific mate versus stranger, and to stranger versus heterospecific (*p , 0.05, **p , 0.001). Bars show mean + s.e.; n ¼ 9 females for all experiments.
are faced with discriminating signals in one of the most demanding of signalling environments, their perception of stereotyped and convergent male signals is sufficiently acute to mediate both CMR and IMR. These findings challenge the long-standing idea that coexistence of closely related species automatically exerts divergent selection on signals, and the more recent proposal that this effect is accentuated in tropical forests. Instead, our data suggest that the costs of signal similarity and convergent character displacement may be much lower than is generally assumed, with potentially far-reaching implications for the study of reproductive and agonistic character displacement (Grether et al. 2009; Pfennig & Pfennig 2009; Hoskin & Higgie 2010) . In particular, they may help to explain why there are so few unambiguous demonstrations of divergent character displacement in animal signals, and how the signals of older lineages may converge without breaking down barriers to gene flow.
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